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(54) VECTOR CONTROLLER FOR INDUCTION MOTOR 

(57)Abstract: 

PURPOSE: To assure a vector control state even if a DC 
voltage of a PWM inverter is lowered in order to vector- 
control an induction motor by the inverter having a 
current control system, 

CONSTITUTION: Proportional integration control means 
6c, 6a proportionally integrate current detected values 
lOFB, ITFB of exciting axis current command lOS and a 
torque axis current command ITS, interference term 
compensators 6d, 6b compensate them to obtain two- 
phase voltage commands VO, VT of a synchronous 
rotary coordinate system and a coordinate converter 10 
obtains a primary voltage VI of a motor and its phase 
&phiv; from the voltages VO, VT Llmitfirfi Rp, fif llrp it thp 
voltages VO. VT to limited values of a ratio of a voltage 

in the case of rati ngatthe n ormal time, and when the voltag es V O, VT tend to exceed the_ 
limited values, the previous voltages VO. VT are used as the limited jv^a iues^and a coordmate 



€QBve<siQD_Qut But by a primary vo ltage V1 ^jTdj>revious phas e &phiv; iRjjhtaiDprl ^ 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim] 

[Claim 1] Have a current control system by the proportionality integration operator from torque current 
command ITS of an induction motor, exciting-current command lOS, and each detection value ITFB and 
lOFB, and it asks for torque shaft voltage VT and the excitation shaft voltage VO of a synchronous 
system of rotating axes. In the vector-control equipment which asks for the primary -voltage command 
VI and phase angle phi of an induction motor by the coordinate transformation section from these 
voltages VT and VO, and carries out PWM control of the induction motor according to this voltage VI 
and phase angle phi The limiter circuit which restricts the aforementioned torque shaft voltage VT and 
the excitation shaft voltage VO, respectively is prepared. Usually, sometimes, the aforementioned 
coordinate transformation section memorizes these voltages VO and VT and phase angle phi while it 
fixes the limiter value of the aforementioned limiter circuit to the limiter value decided by the 
aforementioned excitation shaft voltage VO and rated voltage of torque shaft voltage VT. Vector-control 
equipment of the induction motor characterized by obtaining a conversion output by aforementioned 
phase angle phi remembered to be these voltages VO and VT while the last voltages VO and VT which 
carried out [ aforementioned ] storage are made into the limiter value of a limiter circuit, when the 
primary-voltage command VI for which it asked the account of a front exceeds this limiter value. 



[Translation done.] 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje?u==http%3A%2F%2Fv^ww6.ipdl.jpo.go.j... 6/7/02 



Page 1 of 4 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3 Jn the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed description] 
[0001] 

[Field of the Invention] this invention relates to the vector-control equipment which relates to the vector- 
control equipment of an induction motor, especially has a current control system. 
[0002] 

[Prior art] The vector-control equipment of the conventional example is shown in drawing 3 . The 
speed-control section 2 of an induction motor 1 obtains torque current command ITS from the deflection 
of speed-detection value omegaFB from speed command omega* and the speed detector 3 by the 
proportionality integration operator. 

[0003] It slides from the secondary time constant (tau 2) of the exciting-current command lOS and the 
induction motor 1 made to intersect perpendicularly with torque current command ITS and this, and 
slides on the frequency operation part 4, and frequency omegaS is calculated. 

[0004] Skid frequency omegaS is added with speed-detection value omegaFB of an induction motor 1, 
and it is changed into primary angular-velocity omegaO, and it integrates with this angular-velocity 
omegaO by the integration-operator section 5, and it is calculated as phase angle thetaO. 
[0005] The current control section 6 performing the operation by the proportionality integration operator 
to torque current command ITS and the exciting-current command lOS from the deflection with each 
torque current detection value ITFB and exciting-current detection value lOFB, and subtracting and 
adding an interfered part in an induction motor to both the results of an operation further, it obtains 
torque shaft voltage VT and the excitation shaft voltage VO of a torque shaft of rotational coordinates. 
[0006] The configuration of this current control section 6 becomes the operation block shown in 
drawing 4 . 6a becomes the proportional-plus-integral-control means of a torque current among this 
drawing, 6b becomes the 1st interference term compensation means, 6c becomes the proportional -plus- 
integral -control means of an exciting current, and 6d becomes the 2nd interference term compensation 
means. 

[0007] The inside of drawing and omega 0 are for obtaining the vector current control which carried out 
non-interfering by considering as the control current equivalent leakage inductance, and Gl 1 and G21 
indicated G12, proportional gain, and 1/Z indicated [ power angular frequency and LI / the primary 
inductance of a motor, and Lsigma ] the integration-operator term to be in integration gain and G22, and 
the interference terms 6b and 6d denied a part for the interference with mutual exciting-current lOFB 
and torque current ITFB within the motor. 

[0008] It returns to drawing 3 and torque current detection value ITFB and exciting-current detection 
value lOFB are calculated from the two-phase-current detection value of an induction motor 1. This 
operation changes two phase currents lU and IW into digital value in the A/D-conversion section 7, 
respectively, by both addition, it also calculates the current detection value IV of V phase, is changed 
into the two phase alternating current of a fixed coordinate from each current values lU, IV, and IW by 
the three phase / two phase transducer 8, and changes this into torque current ITFB and exciting-current 
lOFB of rotational coordinates in the coordinate transformation section 9. 
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[0009] The armature-voltage control signals VO and VT which carried out non-interfering from the 
current control section 6 are changed into the voltage VI of a polar coordinate, and phase angle phi, 
further, by the polar coordinate / three phase transducer 1 1, are changed into the three phase voltages 
VU, VY, and VW of a fixed coordinate by the coordinate transformation section 10, and are made the 
output voltage control signal of the PWM inverter 12. 
[0010] 

[Object of the Invention] In the conventional vector-control equipment, when carrying out an induction 
motor 1 to an electric vehicle drive and it uses power of the PWM inverter 12 as a battery, when the high 
current supply from a battery is made, direct current voltage EDC will be greatly changed by the internal 
impedance of a battery. 

[001 1] Thus, by the feedback control of a current control system, when the voltage EDC of DC power 
supply becomes lower than rated value, in order to acquire the output voltage command value VI (motor 
primary-voltage command value) according to expected rotational frequency and torque, it is going to 
enlarge the value of control factor mu. 

[0012] That is, the relation between the voltage command value VI and control factor mu is the 

following formula [0013]. 

[A-one number] Vl=(EDC/2) -mu (1) 

It is going to become and is going to obtain an expected thing on a voltage VI by increase of control 
factor mu at a fall of direct current voltage EDC, 

[0014] A voltage VI is the follov^ng formula [0015] from the operation of the coordinate 
transformation section 10 of drawing 3 to the synchronous system -of-rotating-axes 2 phase-voltage 
command values VO and VT. 

[A-two number] V1=(V02+VT2) 1/2 (2) 

It is come out and asked. 

[0016] By the way, PWM control must be performed and for acquiring a sine wave to the output current, 
Ae control factor mu must be 0 <=mu<=l. Therefore, the current control which restricted the voltage VI 
so that it might become this domain is needed. 

[0017] For this reason, when preparing a limiter in a current control system, it is restricted for [ of 
voltage command value VT ] both both [ ******^ one side, or ]. [ the voltage command value VO for 
magnetic flux ] 

[0018] When the output voltage of a voltage VI is restricted by the limiter and does not become an 
expected value at this time, the feedback currents lOFB and ITFB also become small. In this status, it 
becomes smaller than the command value lOS, integration term 1 / Z of a voltage VO v^U be saturated, 
and feedback current lOFB by the side of ****** to which only voltage VT by the side of torque is 
restricted first will also start the limiter of a voltage VO. 

[0019] This phenomenon is explained with reference to drawing 5 . The place which should be in VI (1) 
which becomes the angle phi 1 made with an excitation shaft, the synthetic vector VI of voltages VT 
and VO will be suppressed by the vector of VI (2), if voltage VT is restricted to the limiter value 
VTLIM. Moreover, if a voltage VO is restricted to the limiter value VOLIM after that, it will become 
the vector of VI (3). 

[0020] VI [ for example, ] ~ when VOLIM is the same as LIM, an angle phi 3 should be set to 3pi/4, 
and the position of a vector VI must be the neighborhood of VI (2) ~ if a phase angle changes to the 
position of ** VI (3) ->V1 (2) a lot, the size |V1| will also change a lot, and an overcurrent will generate 
it in an induction motor 

[0021] The purpose of this invention is to offer the vector-control equipment which also secures the 

vector-control status to a fall of the direct current voltage of PWM inverter. 

[0022] 

[The means for solving a technical problem] In order that this invention may aim at a resolution of the 
aforementioned technical probrem, it has a current control system by the proportionality integration 
operator from torque current command ITS of an induction motor, exciting-current command lOS, and 
each detection value ITFB and lOFB, and asks for torque shaft voltage VT and the excitation shaft 
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voltage VO of a synchronous system of rotating axes. In the vector-control equipment which asks for the 
primary-voltage command VI and phase angle phi of an induction motor by the coordinate 
transformation section from these voltages VT and VO, and carries out PWM control of the induction 
motor according to this voltage VI and phase angle phi The limiter circuit which restricts the 
aforementioned torque shaft voltage VT and the excitation shaft voltage VO, respectively is prepared. 
Usually, sometimes, the aforementioned coordinate transformation section memorizes these voltages VO 
and VT and phase angle phi while it fixes the limiter value of the aforementioned limiter circuit to the 
limiter value decided by the aforementioned excitation shaft voltage VO and rated voltage of torque shaft 
voltage VT. When the primary-voltage command VI for which it asked the account of a front exceeds 
this limiter value, while the last voltages VO and VT which carried out [ aforementioned ] storage are 
made into the limiter value of a limiter circuit, it is characterized by obtaining a conversion output by 
aforementioned phase angle phi remembered to be these voltages VO and VT. 
[0023] 

[Operation] Replace with restricting the voltage command VI, and voltages VO and VT are restricted by 
each limiter circuit. This limiting value VOLIM and VTLIM is made into the limiter value usually 
decided by the rated DC-power-supply voltage EDC, the excitation shaft voltage VO at that time, and 
rated voltage of torque shaft voltage VT sometimes. It is performing the limiter control restricted to the 
voltages VO and VT just before exceeding, and also making a phase angle into a value last time, when 
the primary -voltage command V'sl exceeds a limiter value, and they are voltages VO and VT. ** 
imbalanced occurrence is lost. 
[0024] 

[Example] Drawing 1 is the current control-block view showing one example of this invention. The 
fraction into which this drawing is different from drawing 4 forms limiter circuits 6e and 6f in the 
excitation shaft voltage VO and torque shaft voltage VT, respectively, and is in the point which 
controlled the limiter value of this limiter circuit by the coordinate transformation section 10. 
[0025] Sometimes, the limiter circuits [ these / 6e and 6f ] limiter values VOLIM and VTLIM are 
usually [0026]. 
[A-three number] 

VOLIM — i- - A- 



V TR E DC 



^ Vor^+Vtk^ 2 

[0027] However, EDC follows VOR, the DC-power-supply voltage of PWM inverter and VTR follow 
the voltages VO and VT at the time of rating, and it is set up, and is decided from the proportion and the 
direct current voltage EDC of voltages VO and VT. 

[0028] and the time of becoming such a voltage output to this limiter value ~ the coordinate 
transformation section 10 — a limiter value - a limiter — the vector-control status of such a just before — 
carrying out . 

[0029] This changeover control is made into the procedure shown in drawing 2 , In this drawing, from 
the limiter circuits [ 6e and 6f ] output voltage VO and VT, the coordinate transformation section 10 
memorizes the voltages VO and VT at that time as PRVO and PRVT while it asks for the primary voltage 
VI of a motor, and phase angle phi. Moreover, phase angle phi at that time is memorized as phin (SI). 
The coordinate transformation section 10 judges after that whether this voltage VI exceeded limiter 
value V1LIM</SUB> at the time of rating (S2). 

[0030] When not exceeding a limiter value by this judgment, it is usually made the limiter value at the 
time (S3), and phase angle phin is set to last value phin-1 (S6), and a voltage VI and phase angle phin 
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are outputted. 

[0031] next, the time of a voltage VI exceeding a limiter value - output voltage VI — limiter value 
VILIM correcting — (S4) ~ subsequently — the limit value VO of a limiter circuit — while LIM and 
VTLIM are switched to the storage values PRVO and PRVT of the voltages VO and VT in the last 
operation, respectively, phase angle phin is switched to storage value phin-1 of last time (S5) 
[0032] Moreover, when a voltage VI escapes from a limiter, it is usually returned to the limiter value at 
tiie time at step S3. 

[0033] Therefore, the limiter value by limiter circuits 6e and 6f Usually, he is in the limiting value 
sometimes calculated from the voltage VI at the time of rating etc., and the current control by voltage 
and phase angle phi which the limiter restricted [ the limiter ] to the voltages VO and VT of such a front 
by supply voltage fall etc. such at the time should do. Without inviting imbalance to the limiter value of 
voltages VO and VT also at the time of a fall of direct current voltage Edc, swinging can be lost to the 
phase angle of the synthetic voltage VI, and the vector-control status can always be secured. 
[0034] Moreover, the labile of the control system when usually returning to a control which escaped 
from limiting value can be suppressed. That is, energizing voltage VO is a small fixed value, and torque 
voltage VT changes broadly and it becomes such a thing also to a limiter. Therefore, if it is the 
proportion which is called VOLIM<VTLIM, change of the phase phi 3 of the voltage VI when starting 
a limiter becomes small, the amount of phase changes of VI when escaping from a limiter can also 
become small, destabilization can be prevented, and the overcurrent of a motor can be prevented. 
[0035] 

[Effect of the invention] According to this invention the above passage, a limiter circuit is prepared in 
the energizing voltage VO of a current control system, and the operation of torque voltage VT, 
respectively. Since the limit and coordinate transformation output by the voltages VO and VT and phase 
angle phi which are memorized at the time of the last operation were obtained when it considered as the 
value which usually doubled each limiter value sometimes at voltage VO at the time of rating, and VT 
proportion and a limiter value was exceeded, The vector-control status can be acquired also in the limit 
status of the voltages VO and VT by fall of the direct current voltage EDC of PWM inverter, the labile 
of a control system is abolished, and there are effects, such as an overcurrent protection of a motor. 
[0036] Moreover, the labile of the control system when escaping from the operating state of a limiter can 
also be prevented. 

[Translation done.] 



http://www4.ipdl j po. go.j p/cgi -bin/tran_web_cgi_ej j e 6/7/02 



Page 1 of 1 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



MEANS 



[The means for solving a technical problem] In order that this invention may aim at a resolution of the 
aforementioned technical probrem, it has a current control system by the proportionality integration 
operator from torque current command ITS of an induction motor, exciting-current command lOS, and 
each detection value ITFB and lOFB, and asks for torque shaft voltage VT and the excitation shaft 
voltage VO of a synchronous system of rotating axes. In the vector-control equipment which asks for the 
primary-voltage command VI and phase angle phi of an induction motor by the coordinate 
transformation section from these voltages VT and VO, and carries out PWM control of the induction 
motor according to this voltage VI and phase angle phi The limiter circuit which restricts the 
aforementioned torque shaft voltage VT and the excitation shaft voltage VO, respectively is prepared. 
Usually, sometimes, the aforementioned coordinate transformation section memorizes these voltages VO 
and VT and phase angle phi while it fixes the limiter value of the aforementioned limiter circuit to the 
limiter value decided by the aforementioned excitation shaft voltage VO and rated voltage of torque shaft 
voltage VT. When the primary-voltage command VI for which it asked the account of a front exceeds 
this limiter value, while the last voltages VO and VT which carried out [ aforementioned ] storage are 
made into the limiter value of a limiter circuit, it is characterized by obtaining a conversion output by 
aforementioned phase angle phi remembered to be these voltages VO and VT. 



[Translation done.] 
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Drawing selection [drawing 2 ']Q 



SI 



Vo.Vt 

L_ 

Vi=\/WTv?' 

'^n = tan"'(VT/Vo) 



S6 



Vl,V>n 




V0LIM=PRV0 

Vtlim=PRVt 



V>„-i = yn 



S3 



[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[An easy explanation of a drawing] 

[ Drawing 1 ] The current control-block view showing one example of this invention. 

[ Drawing 2 ] The limiter procedure view in an example. 

[ Drawing 3 ] The control-system block diagram of vector-control equipment. 

[ Drawing 4 ] The conventional current control-block view. 

[ Drawing 5 ] Drawing showing change of the voltage VI at the time of a limit. 

[An explanation of a sign] 

1 - Induction motor 

6 - Current control section 

10 ~ Coordinate transformation section 

12 -PWM inverter 

6a, 6c ~ Proportional-plus-integral-control means 
6c, 6d ~ Interference term compensation means 
6e, 6f ~ Limiter circuit 



[Translation done.] 
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